In the present study, the major flavonoids of white clover (Trifolium repens L.) cv. Sonja were extracted, isolated and identified. The major flavonoids in leaves and stems were the four flavonol glycosides: kaempferol-3-O-{Xyl(1→2)-Gal}
Modern agricultural practice seeks to diminish the use of synthetic agrochemicals through a number of different alternative methods. One of these methods is crop rotations in which leguminous plants, including white clover (Trifolium repens L.), play a major role by supplying nitrogen to the cropping systems and thus avoiding the use of synthetic fertilizers [1] . Additional benefits can be drawn from white clover's natural defence system. Thus, reduction of weed and disease pressure by legumes as cover crops [2] [3] [4] [5] [6] may in part be assigned to the production of secondary metabolites of which flavonoids are an important group, with a wide spectrum of biological functions. These include allelopathic influences on other plants and microorganisms [7] [8] [9] , antifungal properties [10] [11] [12] [13] , protection against UV-B-induced stress [14] , and interactions with growth of arbuscular mycorrhizal fungi and pathogenic fungi [15] [16] [17] [18] . White clover is a desirable agricultural crop due to its high nutritive value for grazing animals [1] , and it has been claimed to be the most important pasture legume in temperate zones [19] . Major flavonoids in white clover flowers have been thoroughly investigated and were mainly hyperoside, quercetin-3-O-(6"-O-acetyl)-β-D-galactoside and myricetin glycosides [1, 20] . Previous research has shown that major flavonoids in white clover leaves were derivatives of quercetin and kaempferol [14] ; however, the exact structure of the major flavonoids in leaves and stems of healthy white clover remain to be identified, together with the variation in concentrations of these compounds among white clover cultivars and among different plant parts. In spite of the beneficial properties of many flavonoids and large variations in concentrations reported for some of the compounds [14, 18, [21] [22] [23] [24] , the choice of white clover cultivar is almost never made on the basis of production of these compounds.
The aim of this work was to reveal a possible potential for choosing cultivars with selected contents of flavonoids and to elucidate the distribution of these compounds inside the plant. This was achieved by isolating and identifying major flavonoids in a white clover cultivar and by quantifying flavonoids in different tissues of four different cultivars. The cultivar used for isolation and identification of flavonoids is commonly grown in Denmark, and the four cultivars for quantification were selected for genetic diversity. 13 C NMR data, the aglycone was identified as quercetin. The one dimensional TOCSY spectrum obtained by selectively irradiating the anomeric protons at δ 5.38 and 4.81 showed the typical spin systems of a β-galactopyranosyl unit and a β-xylopyranosyl unit respectively, while the 1D-TOCSY spectrum resulting from the selective irradiation of the methyl signal at δ 1.21 yielded the subspectrum of an α-rhamnopyranosyl unit. HSQC experiments that correlated all the proton resonances with those of each corresponding carbon, allowed the identification of the glycosidation sites. Glycosidation shifts were observed for C-2Gal (δ 79.6) and C-6Gal (δ 66.7). On the basis of the HMBC correlations between H-1Gal (δ 5.38) and C-3 of the aglycone (δ 135.5), H-1Xyl (δ 4.81) and C-2Gal (δ 79.6), H-1Rha (δ 4.55) and C-6Gal (δ 66.7), the structure of the flavonoid was determined as quercetin-3-
Quercetin-Rha-Xyl-Gal was one of four major flavonoids in cv. Sonja. The other three major compounds were quercetin-
. Quercetin-Xyl-Gal, kaempferol-Rha-Xyl-Gal, and kaempferol-Xyl-Gal were identified by comparing the HPLC/UV/MS and NMR data with previous reports [25, 26] . Quercetin-Xyl-Gal and kaempferol-Xyl-Gal were the main flavonoids in UV-B-irradiated samples of white clover plants [14] , while kaempferol-Rha-Xyl-Gal has not previously been identified in clover aerial parts.
The four major flavonoids, a series of aglyconic flavonoids previously described in white clover [27] , and a series of flavonoid glycosides were quantified in cvs Aran, Ramona, Klondike and Rabani (Table  1) . High concentrations of flavonoids were found in these cultivars; the most abundant were derivatives of the flavonols kaempferol and quercetin ( Figure 1 ), with kaempferol derivatives (leaves and stems: 3.1-21.1 mmol/g dry material ( DM ), flowers: 1.0-6.5 mmol/g DM ) in general dominating leaves and stems, and quercetin derivatives (leaves and stems: 5.8-10.6 mmol/g DM , flowers: 22.8-31.8 mmol/g DM ) were major flavonoids in flowers. The most abundant flavonoids in leaves and stems were quercetin-XylGal and kaempferol-Rha-Xyl-Gal > kaempferol-XylGal > hyperoside > quercetin-Rha-Xyl-Gal > medicarpin > formononetin, while the most abundant flavonoid in flowers was hyperoside > quercetin-XylGal > kaempferol-Rha-Xyl-Gal > kaempferol-XylGal = medicarpin = quercetin (Figures 1-3) . It was thus confirmed that major flavonoids in white clover leaves were derivatives of quercetin and kaempferol [14] and that formononetin and medicarpin are major isoflavonoid compounds in healthy white clover plants [28, 29] . Six glycosides (nicotiflorin, quercitrin, isoquercitrin, isovitexin, saponarin, and puerarin) were not detected in any sample. Of the remaining compounds, 22 of 24 were in significantly higher concentrations in one plant part compared to the other. The highest concentrations of most aglycones were in flowers, while the highest concentrations of most glycosides were in leaves and stems (Figures 1-3 ). This distribution of glycosides and aglycones may indicate different ways of storage and/or different mechanisms of action of the compounds in different parts of the plant, but this needs to be investigated. This observation also highlights the importance of measuring both kinds of chemical structures (aglycones and derivatives) before conclusions are made about the distribution of flavonoids in plants, or, alternatively, hydrolyzing the glycosides and then measuring the aglycones. The variation in concentrations among cultivars was less than the variation between plant parts, but still the concentrations of 17 of 24 compounds varied significantly among cultivars. In leaves and stems, cvs Rabani and Klondike had lower concentrations of most flavonoids (total concentrations of 10.0 and 12.7 mmol/g DM , respectively) compared to cvs Aran and Ramona (32.3 and 22.1 mmol/g DM , respectively). Total flavonoid concentrations did not follow the same trend in flowers and varied much less among cultivars, with total concentrations of 28.9-35.8 mmol/g DM .
The cvs Rabani, Aran, Klondike, and Ramona were selected for genetic diversity, and this was reflected in different amounts of flavonoids in plants ( Figures  4 and 5) . The positive correlation between the concentrations of formononetin and daidzein(-Glc) in leaves and stems; of formononetin, daidzein(-Glc), and medicarpin in flowers; and of biochanin A(-Glc) and genistein(-Glc) in both plant parts, supports the biosynthetic link between these compounds [27, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . In leaves and stems, quercetin(-glycosides) and kaempferol(-glycosides) were positively correlated; in flowers they were negatively correlated. were kindly provided by Vibeke Meyer, DLFTrifolium A/S. Plant material of these four cultivars were divided into stems/leaves and flowers. The material was freeze-dried, ground, and stored until analysis.
Extraction and identification of flavonoids:
Powdered plant material of cv. Sonja (100 g) was shaken with 1 L of 70% methanol (MeOH) and kept overnight at room temperature for cold extraction. After filtration, the clover material was boiled for 1 h with 2 L of 70% MeOH for hot extraction. This new extract was filtered and the two extracts combined. The solvent was evaporated in a vacuum rotary evaporator (Heidolph, Laborota 4000, 46˚C, 0 rpm) to near dryness. The material was subsequently loaded onto a C18 column (LiCroprep™ RP-18, 40-63 µm, for column chromatography, Merck, 5 cm × 7 cm) and first washed with plenty of water and 20% MeOH to extract sugars, cyanogenic glycosides, and isoflavonoids. Phenolics, including flavonoids, were eluted with 40% MeOH; the solvent of each fraction was subsequently evaporated. 
Quantification of flavonoids by HPLC-MS-MS:
The freeze-dried sample (two replicates, approx. 0.1 g of each) was extracted in an accelerated solvent extractor (ASE 200, DIONEX) with 70% MeOH/H 2 O for 15 min at 10.34 MPa (1500 psi) and 40°C. The volume was adjusted to 50 mL and then subsequently the samples were analyzed.
The following reference standards (HPLC-grade) were all purchased from various chemical companies (see Table 1 for systematic names and CAS no.): kaempferol, quercetin, astragalin, kaempferol-RhaGlc, nicotiflorin, quercitrin, isoquercitrin, hyperoside, rutin, apigenin, luteolin, isovitexin, luteolin-Glc, saponarin, luteolin-di-Glc, naringenin, daidzein, formononetin, genistein, biochanin A, daidzin, puerarin, genistin, sissotrin, and coumestrol. Kaempferol-Xyl-Gal, kaempferol-Rha-Xyl-Gal, quercetin-Xyl-Gal, and quercetin-Rha-Xyl-Gal (Table 1) were isolated and identified by HPLC-MS, HPLC-UV, and NMR as part of this study. Medicarpin (Table 1) Working standard solutions of the 30 compounds were obtained by serial dilution of the stock standard solutions in 50% ACN (Merck, Darmstadt, Germany) and 50% MilliQ-filtered water (v/v) containing 20 mM glacial acetic acid (Riedel-de-Haën, Seelze, Germany). These were used for three mixed standard curves for the aglycones and two for the glycosides with eight points on each. Compounds with similar mass-to-charge ratios (m/z) and retention times were put in separate mixtures of standards. Mass spectrometric detection was performed after ionization with atmospheric pressure ionization electrospray in positive mode for the glycosides and negative mode for the aglycones. The m/z used in selected ion monitoring, as well as retention times, are listed in Table 2 . The identity of the flavonoids was verified by comparing fragmentation pattern and retention time with pure reference compounds, and the flavonoids were quantified in nmol/g DM . Signals arising from genistein in each sample were subtracted from the signals at Q1/Q2 (m/z) = 269/269 and concentrations of apigenin calculated from the remaining signal area due to coincidence of retention times and molecular mass. Levels 
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